Introduction
The composition of exports is important for sustainable economic growth. The political economy stresses the negative effect of a so-called "resource curse" (Mehlum et al., 2006; Robinson et al., 2006) . That is, the extensive extraction and exportation of raw materials coupled with weak institutions creates a situation where the ruling elite is not interested in establishing property rights protection, which in turn lowers long-run economic growth (Acemoglu et al., 2001 ). The international trade literature points to various mechanisms that link industrial and export diversification with economic growth. For example, Hausmann et al. (2007) link a higher share of high-quality exports with higher future growth. Koren and Tenreyro (2007) find that low-income countries specialize in fewer and more volatile sectors, which in turn leads to higher aggregate volatility. Imbs and Wacziarg (2003) find a U-shaped association between income per capita and industrial concentration along the development path. In addition, several authors find a positive link between export diversification and economic growth (e.g., Lederman and Maloney, 2003; Herzer and Danzinger, 2006) .
Despite the importance of industrial and geographical diversification of exports, the literature says little about what a "normal" level of diversification is. This paper takes a step in this direction and develops a methodology to measure a normal level of diversification along industry and space dimensions. The degree of export diversification is computed conditional on country characteristics and bilateral trade costs.
The methodology combines several approaches that recently received attention in the trade literature. First, an industry-level gravity model of exports is estimated using a new methodology developed by Helpman et al. (2008) . It models the selection into positive trading pairs and heterogeneity of firms and suggests a two-step estimation procedure. At the first stage, the selection into exporters and non-exporters is estimated as a firm level decision, which incurs the fixed costs of exporting. At the second stage, the augmented gravity equation is estimated. Taking into account the selection into trading partners is important because the selection process generates a non-random sample of countries with positive trade flows that could lead to estimation biases if the zeros are ignored. In the estimated sample, the share of zero trade flows is 51 percent, which is a substantial number. Accounting for the heterogeneity of firms is important because, as shown by Melitz (2003) , shocks to the variable and fixed costs change the exports at the extensive margins, 2 which leads to a correlation between the error term and the explanatory variables in the gravity model. 2 Extensive margins in the trade literature refer to a number or distribution of exporting firms.
Second, unlike Helpman et al. (2008) , the model is developed and Third, the predictions are calculated out-of-sample (Egger, 2000 (Egger, , 2002 meaning that the Commonwealth of Independent States (CIS) countries' data are not included at the estimation stage, but the CIS country characteristics are used when calculating their trade potential based on the coefficients of the estimated gravity model. This approach was implemented, among others, by McPherson and Trumbull (2008) who estimated the unrealized U.S.-Cuban trade potential. Serlenga and Shin (2007) Finally, export projections are generated by the gravity model. The export projections allow us to compute so-called normal or potential levels of geographical and industrial diversification that are observed among countries while controlling for differences in economic development, geographical characteristics and location, trade costs, and industrial capacity.
The method is applied to measure export diversification in nine CIS countries: Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Moldova, Russia, and the Ukraine. 3 Arguably, by mid 00's, the CIS region had become well integrated into world markets and now trades close to its trade potential based on the aggregate level of exports (World Bank, 2005) .
However, its trade is not well diversified in terms of both trading partners and industry composition. Therefore, a considerable gap between potential and actual trade can be observed when more disaggregated exports are analyzed.
The analysis reveals that along the industry dimension, the exports of Azerbaijan, Kazakhstan, Russia, and the Ukraine-countries that export raw materials-are highly concentrated relative to the level of concentration predicted by the model. These countries trade predominantly in energy resources and metallurgy at the expense of manufactured goods, agriculture, and food products. Georgia, on the other hand, has highly diversified exports.
Along the geographical dimension, Georgia, Kazakhstan, and Russia have close to normal levels of diversification, while Belarus has the most concentrated exports among all the transition countries. The analysis of the export levels shows that Belarus, Moldova, and the Ukraine trade below the potential level with EU countries, while Central Asia and the Caucasus countries trade below the potential level with China and India.
The rest of this paper proceeds as follows. In the second section, we provide a literature review. In the third section, we derive the gravity model at the industry level of aggregation. In the fourth section, we present the data and discuss the empirical strategy of the consistent estimation of the model. In the fifth section, we discuss predicted regional trade flows. Finally, section six concludes and discusses directions for further research.
Background
After the collapse of the Soviet bloc, Eastern European and CIS countries experienced an unprecedented growth in trade openness. The trade flows previously administratively directed towards a predominantly intra-bloc trade were reoriented by market forces towards non-bloc countries. 4 The World Bank (2005) reports that exports from Europe and the Central Asia (ECA) region have tripled and that imports have increased by two and one-half times since the mid-1990s. 5 The main finding of the World Bank report is that today the openness to trade of countries in the ECA region is largely in line and, in many cases, exceeds the trade openness in other countries with a similar level 4 Pelzman (1977) found that the integration of the socialist countries into the Council of Mutual Economic Assistance (CMEA) generated a substantial additional intra-bloc trade at the expense of trade with the rest of the world. He estimated the value of trade creation effect at US$13.2 billion in 1970. 5 The ECA region includes both Eastern European and CIS countries.
of development. However, the adjustments to higher trade openness in CIS countries substantially differ from the Eastern European countries' adjustments:
…in the CIS countries … the average share of ores, metals, and fuels (oil and natural gas) in total exports increased from 38 percent to 47 percent over the period 1996-2003 … while there has been substantial change over the course of the transition in the commodity composition and factor intensity of trade by the EU-8 and the SEE economies, relatively little has changed in these regards among the CIS countries, which effectively have been frozen in time. The result is that these countries are not active participants in the evolving international division of labor. The existing composition and factor intensity of exports puts the future growth prospects of the CIS at risk. (World Bank, 2005) There is an ongoing process of polarization that splits countries within the ECA region into two distinct groups: the first group is Euro-centric (Eastern European countries and Turkey) and the other is Russia-centric (CIS countries). The polarization goes along two dimensions. Geographically, the Eastern European countries diversify their trade away from the ECA region towards "old" Europe, while the CIS countries' trade is increasingly confined within the CIS region. Along the product dimension, there is a common tendency for trade concentration in several product categories and lower trade diversification for both groups of countries. However, the Eastern European countries are increasingly engaged in intra-industry trade and the trade of manufactured products, and the CIS countries' concentrate exports in primary commodities (World Bank, 2005) .
Should the CIS countries worry about the increasing concentration of exports in primary commodities and low geographical diversification of trade?
There are two strands of the literature that focus on this question. The first strand looks at links between industrial structure and growth. Imbs and Wacziarg (2003) found a U-shaped association between income per capita and industrial concentration that is robust at different levels of aggregation. At the early stages of development, 6 when a country relies on production and the export of few products, export diversification helps to protect the country from idiosyncratic terms of trade shocks. Such shocks are less likely to negatively affect trade growth when trade expands due to the larger variety of products rather then when it expands due to an increase in volume of existing products (Bleaney and Greenaway, 2001; Hummels and Klenow, 2005; Felbermayr and Kohler, 2006) . There are also important knowledge spillovers that enhance economic growth in a more diversified production environment.
Experimenting with the production of new varieties, a developing country learns its comparative advantage in a competitive environment with high 6 Imbs and Wacziarg identified the turning point at the level of 13,000 of constant 2000 USD (real GDP per capita in Ireland in 1992), the level that had not been reached by any of the CIS countries by 2006.
uncertainty about the demand for new products (Hausmann and Rodrik, 2003) .
Higher product variety explains almost a third of intra-country increases in total factor productivity (Feenstra and Kee, 2008) . Economic growth depends not only on a larger variety of products, but also on products that are more complex and of better quality. A higher share of high-quality exports is associated with higher future economic growth (Hausmann et al., 2007) .
Finally, moving away from exporting low value-added primary commodities towards exporting high value-added manufactured products is desirable because of a general trend towards a decline in terms of trade of primary commodities (Athukurola, 2000) .
The second strand of the literature links the composition of industrial output and the development of institutions. Countries that rely heavily on production and the export of raw materials tend to have poor institutions (Mehlum et al., 2006; Robinson et al., 2006) , which in turn leads to poor property rights protection and lowers economic growth in the long run (Acemoglu et al., 2001) . Therefore, from a political economy point of view, a country that has a less diversified industrial structure skewed towards the extraction of raw materials has fewer incentives to improve its institutions and poorer prospects for sustainable economic growth.
Given the evidence, the geographical and industrial diversification of exports is quite important. Despite its importance, this subject did not get enough attention in the literature that studied the degree of integration of CIS and Eastern European countries into global trade flows. At the beginning of the transition, most researchers investigated how the reorientation of transition countries towards a market economy would impact the aggregate trade flows (i.e., Wang and Winters, 1991; Hamilton and Winters, 1992; and Baldwin, 1994 
Methodology
A modified version of Helpman et al.'s (2008) model is developed in this section. It explains the mechanism of selection into exporting and non-exporting firms by modeling the export decisions of heterogeneous firms that differ in their productivity. Exporting is costly due to the fixed costs of exporting, which include setting up a distribution network, adjusting to local preferences, and dealing with country-specific legal requirements. The country-pair-specific fixed costs influence the decision of firms to enter the market; only a subset of firms is productive enough to engage in international trade and to compete in foreign markets. The cut-off point separating exporters from non-exporters varies from one country-pair to another and from one industry to another. Hence, the model generates a pattern of bilateral exports that are industry specific and nonsymmetric for a given country-pair. Thus, the model is able to explain why a majority of firms from a given country may find it profitable to export to one destination and not to export at all to another destination due to the country-pair specificity of the fixed costs.
The methodology is different from that of Helpman et al. (2008) 
Parameterization and Estimation Strategy
The theoretical model, which is presented in the Appendix, allows us to derive the two estimated equations. We estimate the gravity equation as:
given the condition
In the following discussion, the industry index k is dropped for the reader's convenience.
Selection of firms
A distribution of productivities or the productivity of the marginal exporter is not observable. However, we do have information on trading and nontrading country-pairs. We define a latent variable as:
is defined as the ratio of the variable profits from exporting to the fixed cost of exporting for the most productive firm. A positive export is observed if . Furthermore, conditional on a positive export, is an increasing function of for an arbitrary (see Helpman et al., 2008) .
Trade costs associated with the shipping of a unit of good from country i to country j are modeled by assuming the commonly used functional form:
where is the distance between countries i and j and Z is a set of additional variables that determine trade costs, such as the contiguity dummy, ij dist whether country i or j is landlocked, the interior distances of countries i and j, and whether the countries are located on the same continent. γ is the vector of coefficients associated with Z . Finally, is an unobservable shock to the trade costs distributed and independent across time periods. Suppose further that fixed costs have the following functional form:
, where represents fixed costs specific to the exporting country, represents fixed costs specific to the importing country, represents country-pair-specific fixed costs, and represents countrypair-specific random components distributed as .
Taking logs of both sides of equation (3) and substituting expressions for the variable and fixed trade costs yields:
where is a country j time-specific dummy and
Without loss of generality, we can assume that to normalize the selection equation that brings the following probit model:
Alternatively, both sides of (9) are divided by η σ . Both procedures lead to the same outcome in terms of predicting the probability of positive trade.
We denote a predicted probability of positive exports from country i to country j at time t as . 
Gravity equation
Taking the logs of both sides of equation (1) and substituting for yields:
The regulatory quality index from governance matters (Kaufmann, Kraay, and Mastruzzi, 2007) measures the ability of the government to formulate and implement sound economic policies that promote private sector development. ln ln ln ln ln ln (1 )ln ln , σ is close to two and that distance contributes the most to the trade costs-by the following expression:
. Recognizing the fact that approximation is far from exact and that the multilateral resistance term is endogenous, we apply the Hausman-Taylor (1981) method that takes into account the endogeneity of the MRT.
Following the semiparametric version of the Helpman et al. (2008) method, we use the information acquired at the first stage of the estimation by identifying , where is the traditional inverse Mills ratio that accounts for the sample selection bias and the polynomial of degree 3 in Table 1. 10 Potentially, 18,688 positive bilateral exports per industry per year can be observed. However, as shown in Table 2 , zeros account for more than one-half 10 We acquired data for 42 GTAP sectors, excluding service sectors. Further aggregation to 10 industries is done for ease of presentation but is not necessary from theoretical and computational standpoints. Table 2 .
Looking at intensive margins of trade, the average value of bilateral exports varies significantly across industries as well. The average export value is equal to US$24.6 million in the agriculture and forestry industry, US$73.9 million in metallurgy, and US$147.9 million in electronic equipment, as reported in the second column of Table 2 . Overall, the average value of exports at the industry level is equal to US$91.2 million.
Independent Variables
Data on the industrial composition of GDP in exporting country i at time t is not directly available. We use data on total exports of sector k from country i excluding bilateral exports to country j to construct the closest available proxy was measured as the average distance within a country, and landlocked dummies were chosen to control for trade costs within the source and destination countries. A contiguity dummy (whether one of the countries in the country-pair was ever a colony of the other country and whether countries are located on the same continent) was used to control for pair-specific trade costs that are not directly related to distance.
Selection Variables
We chose two variables that enter the selection equation, but not the gravity equation, based on the results of Helpman et al. (2008) and Martin and Pham (2008) . 11 The common language dummy is the variable that controls for the 11 Martin and Pham (2008) employed a Monte Carlo simulation and demonstrated that ignoring the sample selection problem in the gravity equation (9) leads to substantial biases.
They compared various estimation methods, such as truncated OLS, Maximum Likelihood (ML), the Poisson Pseudo Maximum Likelihood (PPML) estimator recommended by Silva pair-specific fixed costs. It captures fixed costs related to adapting to cultural and linguistic barriers between two countries (differences in religious beliefs, translation, advertising, etc.).
To control for country-specific fixed costs related to institutional quality in exporting countries, we used governance indicators of regulatory quality acquired from Kaufmann et al. (2007) . They capture the effectiveness of bureaucracy, amount of red tape, and quality of policies and regulations that encourage free trade and promote private-sector development.
Results
This section has the following goals. Table 4 , ranges from 0.31 to 0.41 and shows that selected variables explain the probability of export reasonably well. Table 5 . We cannot directly compare the levels of actual and predicted exports due to the log-linearized nature of the gravity equation and the fact that, as an illustration of Jensen's inequality, the log of expected value is not equal to the expected value of the log (Silva and Tenreyro, 2006 . Therefore, the following analysis is carried out by comparing the actual and predicted exports in shares rather than in levels. Russia export considerably more to EU countries at the intensive margins than predicted by the gravity equation. This pattern is easily explained if we look at the industrial structure of exports reported in Table 7 . The above-mentioned countries have an industrial structure of exports that is extremely skewed towards exporting energy resources to EU countries. During the investigated period, the exportation of energy resources accounted for 66 percent of the total export of Kazakhstan; in Azerbaijan and Russia, those numbers are 64 and 44 percent, respectively. There is over-performance by some countries (the Ukraine in particular) in the export of metals. Conversely, there is large, consistent underperformance of potential trade in agriculture and food products in all the CIS countries. For example, according to the gravity model, the Ukraine should export 27 percent of its total exports in agriculture and food, twice as much as it actually exports. Finally, Azerbaijan, Kazakhstan, and Russia-countries that intensively export energy resources-considerably underperform in the export of manufacturing products. For example, the share of exports of motor vehicles and parts, electronic equipment, and other manufacturing in the total export of Kazakhstan is 2 percent, while the gravity model predicts 11 percent.
Gravity model of bilateral exports corrected for selection and firm-level heterogeneity
Based on the results, we make the following preliminary conclusions.
First, there are substantial deviations in trade among Azerbaijan, Kazakhstan, Russia, and the Ukraine from the levels predicted by the gravity model. In particular, their export structure is skewed towards exporting energy resources and metals and away from exporting agriculture, food, and manufactured goods. Second, given the rapid development of China and India, Central Asia and the Caucasus region have surprisingly weak trade relations with those countries. Finally, the CIS countries located close to the EU (Belarus, Moldova, and the Ukraine) trade with the EU below the potential level.
Industrial and Geographical Diversification of Exports of the CIS Countries
To quantify the degree of diversification, we apply the Herfindahl-Hirschman Index (HHI), which is a traditional measure of industry concentration, to measure the degree of export diversification along industry and space is computed similarly using the predicted exports. Finally, we compute the ratio and report it in Table 8 . indicates geographical overconcentration of the actual exports relative to predicted exports, while indicates under concentration.
Overall, the CIS countries' exports are not sufficiently geographically diversified because the average ratio of the two HHI indices for the aggregated exports is equal to 0.72. Across different industries, the light industry, the timber industry, the wood and paper industry, the electronic equipment industry, the motor vehicles and parts industry, and other manufactured goods . By analogy, is computed, and the ratio is reported in Table 9 . Of all the CIS countries, Georgia is the only country that has an industrially diversified structure of exports that has become even more diversified over time. Belarus follows in second place but demonstrates a negative tendency towards higher concentration, while export diversification tends to be slightly less than expected; they are located in the third quadrant relatively close to the origin. There is an important policy implication. Since, at the earlier stages of development, countries tend to diversify their industrial capacity and exports in different industries and markets for a sustainable economic growth, the CIS countries should further diversify their exports. Therefore, economic policy should be directed towards finding and promoting industries that have high export potential, and it should refrain from supporting industries that extract and export raw materials.
APPENDIX: Model of Bilateral Export
Consider the Dixit-Stiglitz (1977) model of monopolistic competition with consumer preferences identical and homothetic across countries described, for example, by Feenstra (2003) . 14 Each country i=1…C has firms that produce differentiated products in industries
consumption in country j of a good l that is produced by sector k in country i.
ij kl c
Consumers
A representative consumer located in country j has the utility function of the following form:
where 1 > σ is the elasticity of substitution across different products. k θ is the expenditure share of industry k in total consumption. is the set of industry k goods that are available for consumption in country j.
The optimal consumption derived from the optimization problem is:
14 Chamberlin (1933) first introduced the main components of the monopolistic competition model. Dixit and Stiglitz (1977) and Krugman (1979) brought in the love of variety into the model.
where j Y is the gross domestic product of country j that is equal to the total expenditures of country j.
is the price index of industry k.
Producers
A country i firm produces one unit of output with units of labor. a w i 15 is country specific, reflecting the differences in institutions, technology, and factor prices. a is a firm-specific parameter with the cumulative distribution function over support . Each firm is a monopolist over the production of a distinct good but is small relative to the size of the market. A standard formula for monopolistic pricing implies that the firm charges the mill price as a constant markup over the marginal cost: 15 We consider a partial equilibrium model with fixed capital during the period being investigated. Labor is the only input that is perfectly mobile across industries but immobile across countries.
There are variable and fixed costs of delivering products to consumer markets that vary across industries. is a melting iceberg transportation cost with . is a fixed cost of exporting that is country-pair and industry specific with . If the firm chooses to export its product to country j, consumers in country j pay
. It follows that the profit of the firm exporting to country j is:
The firm exports only if it receives positive operating profits, which is more likely if the productivity of the firm ( a 1 ) is high, the input price ( ) is low, and the fixed costs of exporting ( ) are low. The least productive firm that exports to country j has the productivity level determined as:
Industry Level Aggregation
Out of firms that operate in country i in industry k, only firms export to country j. The aggregate export in industry k from exporter i to country j is:
where .
The equation can be further simplified by using the equilibrium constraint on the output of sector k produced by country i that leads to the following export equation: 
Selection variables
Common language Dummy variable indicating whether countries share a common language. CEPII Reg. quality Regulatory quality index measures the ability of the government to formulate and implement sound policies and regulations that permit and promote private sector development (Kaufmann, Kraay and Mastruzzi, 2007) Governance matters, 2007 -0.12*** -0.087*** -0.18*** -0.14*** -0.14*** -0.12*** -0.070*** -0.076*** -0.061*** -0.030*** Note: For each country-pair the number on top is the actual share of export from country reporter to country partner divided by overall export topartners and the number at the bottom is the share predicted by the gravity equation. 
